The studied area has a special interest in natural resources and prospecting for radioactive minerals and also, the groundwater, which has a great value for development purpose for Bedouin. At the studied locality in El Rakaiz-El Sahu area the discover tabular fractured rock bodies host uraninite, xenotime, and iron mineralization through the fracture cutting the lower Paleozoic sandstone rocks. These occurrences of minerals concentration are interpreted to the ascending solutions contain uranium and associated elements through the fractures, and may be increased with depth. According to the field investigation, petrographic and mineralogical studies, hydrothermal origin for uranium mineralization is suggested by the present work.
INTRODUCTION
The Paleozoic rocks are exposed around Wadi El Rakaiz-El Sahu area of Sinai. They belong to Cambrian-Carboniferous times and predominantly composed of clastic materials with intercalated carbonates rock. The lower Paleozoic rocks are mainly composed of sandstones unconformably overlying Precambrian basement. They have been studied by many authors and different names. Among them are Baron (1907) , Kostandi (1959) , Weissbrod (1969) , Soliman and El Fetouh (1969) , El-Shahat and Kora (1986), El Agami (1996) and Shata (2002) .
Regionally, two Phanerozoic major thermotectonic episodes are known; the first take place during a major Late Devonian-Early Carboniferous intracratonic event. The preEarly Carboniferous strata were uplifted, eroded and large scale structures were formed (Bender, 1968; Bellini and Massa, 1980; Weissbrod and Gvirtzman, 1988; Kohn et al., 1992; McGillivray and Husseini, 1992; Schandelmayer et al., 1997) . The second major Phanerozoic thermotectonic event was related to the opening of the Red Sea (Kohn et al., 1992 and Bojar et al., 2002) .
The bedrocks of Wadi El Rakaiz-El Sahu area contain considerable amounts of uranium and its daughter nuclides in many sites. Recent drinking water wells drilled through anomalies faults and dykes contain also high ISSN 2314-5609 Nuclear Sciences Scientific Journal 7, 57-71 2018 58 AMER H. BISHR et al. concentrations of natural radionuclides. The most significant radionuclides are usually found in water wells in the form of isotopes of uranium, thorium, Bi, Tl and Ac. The high levels of radioactivity exceeding normal drinking water standards were found in El Rakaiz-El Sahu area. They are attributed to the contaminations result from host rocks.
Samples from bed rock and water samples from six drinking wells were collected in February 2014. The total depth of the wells is about 100 m. they were dugged after 2010. The water samples were analyzed with a high purity germanium (HPGe) detector for gamma-emitters in labs of Nuclear Materials Authority (NMA). 1000 ml in plastic bottles were used for the measurement after acid treatment in the field.
The present work explained the processes leading to uranium concentration in some parts of the rock and distribution in the groundwater of the boreholes dugged in anomalous uranium fractions. The uranium deposits of the area have been studied extensively over a period of three decades. Also, the present study deals with radioactive investigation of the rocks-water interaction and the origin of the uranium mineralization at the site located in El Rakaiz-El Sahu area (Fig. 1) .
FIELD WORK AND GEOLOGIC SETTING
At the studied locality, about 100m length of mineralized fault zone consists of ferruginous sandstones, with thickness ranges between 50 to 150cm and dipping 20 o to 40 o to the north (Fig.2) . The uranium mineralization is found as crystals and stains on the surface and along thin bands on the hanging wall of the affected area and as disseminations in microfractures (Fig.3 ).
Around Wadi El Rakaiz-El Sahu area ( Fig.1 ) the Lower Paleozoic rocks are built of Abu Hamata, Adedia, Um Bogma and Abu Thora formations from base to top respectively. The area has been subjected to the discovery of some important occurrences of radioac- tive mineralization. As a result, the discovered area is selected as a promising target for uranium potentiality study. Many groundwater wells were dugged in the area. The Paleozoic succession in the area is represented mainly by the outcrops of the strata consist of red and variegated sandstones, deposited in shallow marine, lagoonal and transitional environments. The succession is built of Abu Hamata Formation at base, which conformably underlies Adedia Formation. It is easily distinguished by its characteristic brownish Adedia Formation is highly ferruginated in some parts with pebbly to very thick bedded sandstones characterized by ripple marks and cross bedded stratification. It is compact, fractured and jointed with patches of different brown staining. The ferruginous siltstones are largely extended in most parts of the study area, related to major faults and fractures (Fig.  6 ). Um Bogma Formation unconformably overlies Adedia Formation and underlies Abu Thora Formation. It has mineralized surface riches in uranium, copper, iron and Mn-minerals. In the studied area intercalated dolomite, clay and sandstone are exposed as economic importance of Fe-Mn ores present in the lower member of Um Bogma Formation. While, around the mineralized fault zone the rocks are characterized by the dendritic Mn phenomena in Adedia Formation . Abu Thora Formation conformably overlies Um Bogma Formation. It consists of brownish, cross-laminated sandstones intercalated with thin beds of shales and siltstones and ended by milky white, semi-friable sandstones and siltstone that known as glass sand. The Mesozoic volcanic rocks occur as a cap over Abu Thora Formation and mainly represented in the study area by basaltic sheets and sills (Weissbrod, 1969) .
The main anomalous ferruginated fracture is surrounded by Fe-Mn filled veinlets largely extended in most parts of the bed rocks. It is related to the major faults and fractures (Fig.  7 ) surrounded by sandstone with dendritic Mn-minerals shape (Fig. 8) .
PETROGRAPHIC INVESTIGATION
In order to study the effect of hydrothermal solutions on the host rocks, twelve thin sections were made from the samples that collected from Adedia sandstone perpendicular to the fracture filled by hydrothermal accumulation. The studied sandstones are composed of well-rounded to sub-rounded, very coarse to very fine quartz grains. Quartz grains constitute about 80-95% of the framework composition with an average value of approximately Microscopic studies of thin sections indicate that Adedia sandstone is formed of coarse grain pebbly sandstone and siltstone. Quartz is the dominant detrital mineral ranges from sub-angular to sub-rounded and from poorly to moderately sorted grains. Most of the quartz grains are monocrystalline with slight undulatory extinction. The groundmass cement is composed mainly of ferruginated minerals with clays and calcite. The petrographical study illustrated the infected area which considered as the pathway which influenced by hydrothermal solution (Fig. 9) . From the figure, iron oxides are concentrated in the center of the fracture whereas; the ferruginous sandstone is located far from the fractures and cemented by calcite.
The representative samples are collected from a profile perpendicular to the anomalous ferruginous NE-SW fracture. They are examined petrographically. Three types of rocks are investigated namely; 1-Iron stone is composed of a few quartz grains embedded in an extensively ferruginous groundmass which makes more than 80% of the bulk rock. 2-Ferruginous sandstone is composed of quartz grains embedded in a ferruginous (Fig. 10) . 3-Calcareous sandstone is located far from the ferruginous fractures. It is composed of quartz grains embedded in a carbonates groundmass (Fig. 11) .
RADIOACTIVITY
Radiometric survey is the rapid tool give information about the distribution and concentration of uranium, thorium and potassium. As well as, the geological and mineralogical study to explain the distribution of uranium in the study area. The Rs-230 model gamma-ray spectrometric, which made in Czech Republic, was used in the present ground gammaray spectrometric survey to measured TC, K, eU and eTh in rock outcrops. The systematic ground spectrometric survey has been taken on a grid pattern that consists of a set of parallel profiles perpendicular to the main fault trending in the NE-SW direction. The line spacing is 10m, and intervals taken at 5m along the survey lines. The spectrometric data have been corrected for background and stripping ratios to obtain the net concentration of the radioelements U, Th and K to construct the gamma ray spectrometric distribution maps.
The gamma-ray spectrometric measurements of 1200 station (Table 1) show different levels of concentrations over the surveyed area, which reflect contrasting radioelement contents for the exposed fault plane and associated alterations through Abu Hamata and Adedia formations. It is obvious, that the highest radio-spectrometric levels lie inside the mineralized fault zone and mainly associated with the Fe-Mn mineralization and occurrences reflecting the sources of these anomalies.
The equivalent uranium content of the studied rock units reaches about 900 ppm (Fig. 12) The potassium measurements (Table 1) shows a narrow range value between the anomalous fracture zone and host rocks, varying from 0.1% to 7%, with an average value of about 1% in the anomalous zone and 1.1% in the host rocks.
The study area possesses also a wide range of eTh content varying from 1.6 to 43 ppm, with an average value of about 13ppm in the anomalous zone and 7ppm in host rocks (Table 1 ). The highest eTh values are mainly observed at the anomalous fault zone. From the close examination of the K%, eU and eTh values for the fracture anomalous zone, the eU/eTh ratio map (Fig. 13 ) exhibits values varying from 3.3 to 71 with an average value of about 25. This ratio is important for uranium exploration because it determines the uranium-enriched areas. The high eU/eTh values (> 1) are distributed over the exposure of fault zone area with variable dimension and amplitudes. The examination of highly spots of eU and eU/eTh indicates uranium Fig.12 : The contour map of equivalent uranium content of the study area eU enrichment confirmed by mineralogical studies, which agree with Saunders and Potts, (1976) . They indicate that, the most promising uranium anomalies should have a high eU abundance coinciding with high eU/eTh and eU/K ratios.
MINERAL INVESTIGATION
Ten samples were collected from the highly anomalous area from the ferruginous fault zone and subjected to crushing followed by Fig. 13 : The eU/eTh ratio contour map exhibits important area for uranium exploration and uranium-enriched areas eU/eTh heavy liquid separation and then hand-picking under the binocular microscope. The identification of the different minerals has been done on the basis of radioactive and physical properties, followed by X-ray diffraction (XRD) unit in NMA and scan electron microscope in laboratory of Chemical War in Cairo. The data obtained reveal the presence mainly of the uraninite mineral associated with xenotime and Fe-oxides minerals. Both mineral types occur in small and microscale forms.
Uraninite (UO 2 ) has been recorded in the Um Bogma Formation by Wenle and Yuntao (2009) and Bishr (2012 Bishr ( & 2015 about 3Km NE of the study area. The detection of uraninite was identified and confirmed by Xray powder diffraction of carefully selected radioactive representative samples from fault zone. X-ray diffraction matches the Joint Committee on Powder Diffraction Studies (JCPDS) data card 5-550 for UO 2 (Fig. 14) . The study of uranium deposits is complicated by the susceptibility of uraninite to alteration and radiation damage, and because the effects of these processes are most evident at the nano-and micro-scale (Fayek et al., 2003) .
According to Grandstaff (1976) ; Smith (1984) and Burns et al. (1996) the uraninite varies widely in composition from UO 2.07 to UO 2.25 , and is susceptible to alteration and oxidation by oxidizing meteoric fluids, which make its isotopic properties particularly complex. According to Heinrich (1958) The interpretation of the uraninite and associated minerals reveals that they were originated as epigenetic signs of the primary host rocks. The minerals which were collected and identified occur as stains or very thin bands on the hanging wall of the ferruginated fissures and fault plane and as disseminations in microfractures (Figs. 2,3&9) . Uraninite is the most common reduced uranium-bearing mineral. It is found in most uranium deposits, except where oxidizing fluids have eliminated the reduced mineral phases (Smith, 1984) . The selected grains of uraninite samples were examined for identification using X-ray diffraction analyses (Fig. 14) , and the sample was further confirmed by the scanning electron microscopy (SEM) with chemical EDAX and BSE imaging (Fig. 15) .
The fine grained uraninite varies widely in composition from grain to grain depending on ESEM analyses, and subjected to partially alteration and oxidation by rainfall and meteoric fluids, which agree with Grandstaff, (1976); Smith, (1984) ; Burns et al., (1996) . Also, according to ESEM data the chemical compositions of the uraninite grains are mainly (U= 75-80.7; S= 0.05-0.65; Mg =0.03-0.23; Ba= 0.07-0.81; FeO= 1.20-3.05) in wt%.
INVESTIGATION OF THE URANIUM SOURCE AND ITS EFFECT ON
The X-ray diffraction shows that the major mineral present is uraninite and the associated peaks corresponding to xenotime mineral (Fig. 14) .
Xenotime (Y, HREE)PO 4
It is found as the most abundant accessory mineral in the studied mineralized fault zone associated with uraninite and hematite minerals.
The obtained EDX data of ESEM (Fig.  16 ) revealed the noticeable percent of uranium in the structure of xenotime which agree with the observation of El Sokkary (1971) and disagrees with result of Abu Zeid et al. (2013) .
Xenotime analyses by SEM show low con- Fig. 16 : BSE image and EDX with wt% spectrum of a xenotime mineral tents of Al, Si, Ca, Ba, and Fe elements and significant concentrations of uranium element. Due to uranium partially replacing yttrium of xenotime, some crystals of xenotime specimens may be strongly radioactive.
Hematite (Fe 2 O 3 ) and Goethite αFeO(OH)
They are the main mineral constituents of the ferugginated fracture (Fig. 17) and they are formed during the ascending solution through the Paleozoic sandstone rocks.
Barite (BaSO 4 )
The presence of barite in association with iron oxides (Fig.17) and U-mineralization may be due to the processes of the formation of hydrothermal solution accumulated inside Fig.18 : Location of the drinking water well dugged inside the ferruginous fault anomalous zone trend the mineralized fault zone and fractures. This concept could be confirmed from the high barite mineral contents which associated with the highly uranium and iron oxide samples of the anomaly zone only and absent from the hosting rocks. This reflect that the ferruginated fractures are affected by hydrothermal solutions.
Kaolinite (Al 2 Si 2 O 5 (OH) 4 )
It is the main clay mineral in the studied mineralized fault zone and hosted in sandstone rocks and may represents the alteration product of feldspars.
ENVIRONMENTAL EFFECT AND RADIONUCLIDES
Many drinking water wells were dugged randomly, and two of them are dugged inside the anomalous ferruginous fault zone trend (Fig.18 ).
Six groundwater samples were collected from different wells in the study area and subjected to chemical analyses. The obtained results indicate that, the pH ranges between 7 and 7.8, the salinity of water ranges between 540 and 3470 ppm.
The drinking water samples are subjected to spectrometric analysis using high-purity germanium detector (HPGe). In general, the obtained results display high uranium and thorium contents. Whereas, uranium records (uranium values up to 1000 ppb) have an equivalent of 100 times the allowable percentage according to the organizations permissible limits for drinking water (WHO, 1984= 120ppb and EPA, 2002= 9 ppb) . The uranium and isotope analyses are given in Table 2 .
The studied ground water has activity ratios of 234 U/ 238 U greater than unity ( Table 2 and Fig. 19 ). These activity ratios are consistent with the preferential mobilization of uranium from the anomalous studied sandstone and added to the groundwater wells.
The Th content of the samples considerably higher than standard for normal ground-water Fig.19 Table2: The spectrometric analysis using high-purity germanium detector (HPGe) of the underground water samples (Langmuir and Herman, 1980) and the Th may be related to colloids and clay minerals rather than in true solution, as was proposed by Dabous (1994) for groundwater of the Western Desert of Egypt. The U and Th can be recognized to have been derived from the anomalous ferruginous host rocks zone that has high values of U and Th content.
Generally, according to U.S. Geological Survey (Winslow and Kister 1956) classifies the amount of total dissolved salts (TDS) as follows: 1) fresh water salinity (less than 1,000 ppm). 2) Low water salinity (1000-3000 ppm). 3) Brackish water salinity (3000 to 10,000 ppm). 4) Water too salty (10,000 to 35,000ppm). 5) Seas and oceans (more than 35,000 ppm).
The salinity of the studied drinking water reflects normal values in the high radioactive wells, while it is high values in the eastern and western sides of the studied area (Fig.20) .
The quality of drinking water wells are Fig.20 : Plot of the studied ground water and TDS of the different wells evaluated for human uses (drinking, irrigation, livestock and poultry) according to world standards organizations (WHO, 1984 and EPA, 2002) . The uranium concentrations are very high and exceeding the maximum permissible limits and unsuitable for drinking water and any usage due their harmful effect.
DISCUSSION AND CONCLUSIONS
The main sedimentary rock units around El Rakaiz-El Sahu area are belonging to Paleozoic Era (Fig. 1) . Sarabit El Khadim, Abu Hamata and Adedia formations (Um Bogma and Abu Thora formations; Cambro-Ordivician) represent the succession and consist mainly of reddish-brown sandstone and highly ferruginated in some parts. The sandstone of Adedia Formation is unconformably overlain by shallow marine Lower Carboniferous rocks of Um Bogma Formation.
The field observations show that the mineralized fault zone acted as channel ways for the movement and concentrating some load of hydrothermal fluids. As a result, the fracture zone area was subjected to the extreme alteration processes as iron oxides, kaolinitization and mineral concentrations. Also, these hydrothermal fluids affected in Sarabit El Khadim sandstone which hosted the radionuclides contaminated ground water.
According to Bojar et al., (2002) , the data are interpreted to represent an intraplate thermotectonic episode during the Late Devonian-Early Carboniferous. At that time, the intraplate stresses responsible for deformation, uplift and erosion, were induced by the collision of Gondwana with Laurussia which started in Late Devonian times.
By comparing with the central Eastern Desert, the volcanics of Wadi Karim area includes El Atshan volcanics, known for enormous content of radioactive mineralization, give an average Rb/Sr isochron age of 290 ± 15 Ma (Sayyah et al. (1978) . Also, Hashad et al. (1981) give an age for the acidic volcanics of Nasb El Qash between late Carboniferous and early Permian as 245±15Ma.
In the Gulf of Suez area, Cherif (1976) concludes that most of the Carboniferous and Permain stages seem to have been subjected to the major movements of the Hercynian orogenesis.
The above mentioned results indicate that the studied area occupies a part of a major region highly affected by tectonic movements and volcanicity associated with hydrothermal solution activity, which agree with Ball (1916) ; Attia (1956); Soliman (1961) ; Weissbrod (1969); Saad et al. (1994) and Bishr and Gabr (2012) .
The emplacement of the fracture zone in the host Paleozoic sandstone rocks leads to an accumulation of uranium and trace elements from passing hydrothermal solutions through the foliation, joints, fractures and the main fault plane. The fracture system with hydrothermal solutions plays an important role in the concentration and precipitation of the uranium minerals in Paleozoic sandstone. The fracture system in the Paleozoic sandstone is suitable to fix the uranium mineralization, which is generally considered as mobile during water-rock interaction. Unusually uranium content was found to be the predominant radionuclide in the drinking water wells which are dugged in the fault zone area. The faults represent the pathway for hydrothermal intrusive which characterized by highly radioactive and rich by uranium minerals with xenotime and hematite.
The mineralized fault zone in El RakaizEl Sahu area occurs in a large fracture system trending NE-SW direction. It cuts cross the Paleozoic sandstone of Abu Hamata and Adedia formations. The mineralized fracture zone in the area is characterized by highly radioactive minerals, such as uraninite associated with xenotime and iron oxides. It is characterized by enriching in U and low contents of Th. Accordingly, the mineralized fracture zone in the area could represent a
